Experimental investigations in the ASDEX Upgrade tokamak demonstrate that the ion heat flux at the plasma edge plays a key role in the L-H transition physics, while the electron heat flux does not seem to play any role. In the widely accepted paradigm of the L-H transition mechanism, turbulence is reduced by the edge rotation shear induced by the radial electric field. The latter is determined by the ion pressure gradient and therefore by the ion heat flux through its impact on the ion temperature gradient.
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It has been known for more than two decades, but not explained so far, that the L-H threshold power (P L−H ) dependence on density is non-monotonic with a density minimum, n e,min . Our experimental study demonstrates that this is explained by the role of the ion heat flux. The experiments have been carried out in the low density branch where the electron and ion heat channels can be well separated, which is not possible at high density. In the low density branch, P L−H decreases with increasing density, but the edge ion heat flux at the L-H transition is found to increase with density: the non-monotonic behaviour of P L−H is due to the reduction of ion heating as density is decreased. This result is demonstrated in plasmas heated by electron heating, whereby the edge ion heat flux has been varied by using separately three independent actuators: heating power, density and plasma current. In addition, this result is confirmed in experiments with a significant fraction of direct ion heating provided by neutral beam injection: P L−H is much lower than with ECRH only, but the edge ion heat flux values are very similar.
Based on these results, a general formula was derived: n e,min ∝ I The formula predicts for ITER a n e,min value which is close to the density foreseen to enter the H-mode and indicates that operation at half field and current would benefit from a very significantly lower density minimum and correspondingly low threshold power. 
